Introduction
Phylogenetic systematics (or cladistics) was proposed by the German entomologist Willi Hennig (1966) . Since its formulation it has had a great impact on taxonomy and other biological disciplines such as biogeography, paleontology, and evolutionary biology. In the case of biogeography, phylogenetic systematics has been fundamental and the basis for several historical biogeography approaches, playing a crucial role in the current status of this biological discipline (Crisci, 2001) . The term cladistics was first used by authors such as Camin and Sokal or even Ernst Mayr (Schuh, 2000) and was applied to phylogenetic systematic studies that followed Hennig (1966) . Notwithstanding that the term cladistics is currently in common use (even a scientific journal has that name), the word cladist was initially used as pejorative, to refer to those authors who used the methods of Willi Hennig (Schuh, 2000) .
The methodology of phylogenetic systematics is mainly comparative (Espinosa & Llorente, 1993) and results in a dendrogram called cladogram (Nelson & Platnick, 1981) , which represents a hypothesis of phylogenetic relationship between the members of the biological group studied. This taxonomic approach proposes sister group relationships among species by common ancestry through the evaluation of character states, avoiding descendantancestry hypothesis, thus eliminating the search of missing links (Espinosa & Llorente, 1993) . Thus cladograms became a powerful way to represent the phylogeny of organisms and communicate these hypotheses to other biologists (Crisci, 2001) . From biological and historical perspectives, phylogenetic relationships between taxa and their geographical distribution are considered to be intimately linked to part of the evolutionary process; for this reason it is assumed that a cladogram includes potentially useful information to elucidate the distributional history of organisms and data about the relationships among the areas inhabited by them (Crisci, 2001) .
Historical biogeography studies the distribution of organisms, emphasizing processes occurring over millions of years and generally at great spatial resolutions, many times at a worldwide level. In historical biogeography, the proliferation of competing disciplines has generated a great number of approaches (Crisci, 2001; Morrone 2009) ; to this end, several methodologies have been proposed, and the use of taxonomic cladograms is a basic tool in many of them. Among the best-known approaches are: ancestral areas, phylogenetic biogeography, cladistic biogeography, comparative phylogeography, and event-based methods .
In this chapter, we briefly discuss the different methods of historical biogeography in which cladograms play an important role, and compare them in the light of the processes that affect the distribution of organisms. For this, we used case studies of animals and plants of Latin America.
Methods of historical biogeography 2.1 Phylogenetic biogeography
This was the first historical biogeographical method that used cladograms as a basic tool to infer biogeographic histories (Crisci, 2001) . The approach was proposed by Brundin (1966) and Hennig (1966) , and consists of interpreting the biogeographic history of the taxonomic cladogram obtained for a particular taxon, applying two methodological rules: the progression rule and the deviation rule. The first methodological rule assumed that the basal members of a monophyletic group are found closer to/or in the center of origin than those apomorphic members, which are located on the periphery. The deviation rule implies that in any speciation event the apomorphic species accumulate more advanced character states (apomorphies) than the basal species, and are considered more deviated from the ancestor (Morrone et al., 1996) .This approach assumes possibilities of dispersal and extinction, and its main concern is to interpret the distributional history of individual taxa. The center of origin could be identified as the area inhabited by the taxon located in the most basal position of the cladogram.
Two studies applying this approach are relevant. The study of Dávila-Aranda (1991) had the main goal of obtaining the phylogeny of a group of species of Sorghastrum (Poaceae) represented in Mexico, and as a secondary objective to propose a biogeographic hypothesis to explain the presence of this genus in Mexico. With this study, Dávila-Aranda separated the most plesiomorphic species of Sorghastrum from the most apomorphic. Reynoso and Montellano-Ballesteros (2004) worked with the desert tortoise genus Gopherus, distributed in northern Mexico and the southern United States. At first, the authors obtained the phylogenetic analysis of tortoises using extant and fossil species; the cladogram obtained was used to reconstruct the biogeographic history of the genus Gopherus. Reynoso and Montellano-Ballesteros (2004) considered that the origin of Gopherus can be traced back to the Oligocene on the Central Plains of North America (where G. laticuneus was found, for them the oldest and most primitive known species of the genus), and later it extended southward from eastern Arizona to Florida (where G. polyphemus inhabits) and from northern Texas to Aguascalientes, Mexico during the Plio-Pleistocene (where G. flavomarginatus occurred); successful expansion of Gopherus during the Pleistocene was followed by a series of extinctions (mainly in Texas and eastern Mexico) and the reduction of the range affecting most of the tortoise species.
This approach is considered to be an eclectic one, because it tries to explain the general patterns of distribution through vicariance and exceptional cases through dispersal. It also www.intechopen.com Phylogenetic Systematics and Biogeography: Using Cladograms in Historical Biogeography Methods 63 intended to find the centers of origin of the groups by analyzing the cladograms, and proposed probable routes of long distance dispersal through a dynamic Earth.
Ancestral areas
This approach was developed by Bremer (1992) and it was used for the recognition of an ancestral area of a monophyletic group from the information of its cladogram; this method has been considered the formalization of a cladistic procedure based on a dispersalist approach (Crisci, 2001) . It is based on two assumptions: (1) the area located in the basal position of the cladogram (the most plesiomophic) has a high probability of being considered the ancestral area for a particular taxon, in relation to those located in other positions (apomorphics); (2) an area represented in several branches of the same cladogram has a high probability of representing the ancestral area, in relation to those located in few or one branches.
The first step to carry out an analysis of ancestral areas is to construct an area-cladogram, which is obtained from the substitution of terminal taxa by the area or areas where each taxon inhabits; this area-cladogram is analyzed and each area is considered as a binary character with two states (present or absent) and optimized on the cladogram . From a comparison of the number of gains and losses, it is possible to estimate which area is considered the ancestral area for the taxon under study, from the highest values observed in gain/loss quotients. This method of historical biogeography is based on dispersal principles and its main concern is the distributional history of individual taxa. Katinas and Crisci (2000) offered one of the main studies applying this method in South America, based on the flowering plant sister genera Moscharia and Polyachyrus (Asteraceae). In this study, the areas of endemism analyzed were the Coastal Desert, Cardonal, North Central Chile, and South Central Chile provinces. Applying the ancestral areas method, the analysis showed that the most probable area identified as the ancestral area is North Central Chile, which had the highest gain/loss quotient value. According to their results, hypothesized that the ancestor of Moscharia and Polyachyrus may have inhabited a part of the area of North Central Chile, and during humid climate periods, the biota of this region increased its range both to the south (South Central Chile) and to the north (Coastal Desert), with the high Andean slopes (Cardonal) being the last area to be occupied.
Cladistic biogeography
This approach was proposed by Rosen (1978) , and Nelson & Platnick (1981) ; it combines the method of cladistics with theoretical aspects of panbiogeography Espinosa & Llorente, 1993) . Its basic premise is the search for patterns of relationships among areas of endemism (Humphries & Parenti, 1999) . The central axis of this method supposes a relationship between the history of life and history of Earth (Espinosa & Llorente, 1993) .
The first step in cladistic biogeography is to construct area cladograms from taxonomic cladograms, which are obtained by replacing their terminal taxa by the areas of endemism where they occur (Morrone & Crisci, 1995) ; from the information of two or more area cladograms, we can apply one or more of the methods that have been proposed in cladistic biogeography (see Luna-Vega & Contreras-Medina in this book), in order to obtain the general area cladogram (Morrone, 2005) . The general area cladogram is the final result of any analysis of cladistic biogeography and represents a hypothesis of relationships among areas of endemism analyzed and also reflects vicariance events that occurred in the biogeographic history of the biota analyzed (Contreras-Medina, 2006; Morrone, 1997) . One problem detected is related to the basal position of some areas in the general area cladogram, influenced by low diversity or underrepresentation of the biological group studied (e. g. Contreras-Medina & Luna-Vega, 2002) .
The study of the gymnosperm genera Ceratozamia, Dioon and Pinus by Contreras-Medina et al. (2007) is among the studies applying this method in Mesoamerica. In this study, the areas of endemism analyzed were the 19 Mexican floristic provinces proposed by Rzedowski (1981) , and the areas of endemism proposed by Morrone (2001) for Central America and by Takhtajan (1986) for North America (see Luna-Vega & Contreras-Medina in this book). Two methods of cladistic biogeography were applied: Brooks Parsimony Analysis and Paralogyfree Subtrees; the consensus cladogram was obtained from each method. Only two clades were consistent in both consensus cladograms; one clade formed by the Sierra Madre Occidental plus Sierra Madre Oriental-Altiplano provinces, and another clade formed by the Great Basin and Mojavean provinces. These authors considered that both peninsulas of Mexico have a different history in relation to the continental portion of the country.
Event-based methods
This approach creates explicit models of biogeographic processes that affect the geographical distribution of organisms (Crisci, 2001; Morrone, 2009 ). This approach includes some proposals, one of them being the dispersal-vicariance analysis (or DIVA) proposed by Ronquist (1997) . This last method reconstructs the biogeographic history of individual taxa, and also allows reconstruction of biogeographic scenarios that include the possibility of reticulate relationships that do not necessarily follow a hierarchical pattern, as occurs in other methods of historical biogeography Morrone, 2009 ). This biogeographic reconstruction is based on a cost matrix, which is constructed according to certain premises Morrone, 2009 ): (1) vicariance events have a null cost of 0, which implies that speciation is due to vicariance; (2) duplication events have a null cost of 0, which is assumed due to sympatric speciation; (3) dispersal events have a cost of 1 per area unit added to a distribution, and (4) extinction events have a cost of 1 per unit area deleted from a distribution.
Among studies applying the DIVA method in South America, we found the study based on several genera of weevils (Curculionidae) by Posadas & Morrone (2003) . In this study, the areas of endemism analyzed were the Maule, Valdivian Forest, Magellanic Forest, Magellanic Moorland, and Falkland Islands provinces. The dispersal-vicariance analysis showed that the most frequent dispersal event involved the Maule-Valdivian Forest (21.4%), whereas the most frequent vicariance event involved the separation of the Falkland Islands from the Magellanic Forest-Magellanic Moorland set.
The DIVA has some advantages over other event-based methods, allowing reconstructing biogeographic scenarios, which can include a reticulate area history; colonizations are treated as integral components of evolution of organisms; and additionally, analysis with c o -o c c u r r i n g t a x a c a n a l s o b e u s e d t o explore general biogeographic events (Kodandaramaiah, 2010; Posadas & Morrone, 2003) . Although DIVA is an approach to the event-based methods, this method has a low probability of invoking extinctions, inability to distinguish between contiguous range expansions and dispersal across a barrier, and has problems when events of speciation due to dispersal are being erroneously considered as vicariance (Kodandaramaiah, 2010) .
Comparative phylogeography
Phylogeography studies the principles and processes governing the geographical distribution of genealogical lineages at intraspecific level using sequences of mitochondrial DNA in animals and chloroplast in plants (Crisci, 2001) ; it was originally proposed by Avise et al. (1987) . Several individuals of the target species are examined along their distribution range, in order to obtain DNA sequences. The sets of similar sequences are recognized as haplotypes and all the information is represented in a phylogeographic tree; the localities (geography) where each specimen was collected are related with the phylogeographic pattern (tree). Generally, results obtained with this approach are based on dispersal principles and dubious clock calibrations (Heads, 2005) ; its main concern is the distributional history of one species or related species.
The algorithms used to construct taxonomic cladograms, such as parsimony or maximum likelihood are also used to construct phylogeographic trees; the genealogy of haplotypes presents a branched hierarchical structure as observed in taxonomic cladograms, which can be used for a historical biogeographic analysis applying the same principles of the cladistic biogeography (Contreras-Medina, 2006 ), but at an intraspecific level when comparing two or more phylograms. In this way, the application of comparative phylogeography approach (Arbogast & Kenagy, 2001) implies the comparison of phylogeographic studies of two or more species that are co-distributed (sympatric), in order to search for common historical patterns of distribution (Zink, 2002; Morrone, 2005) .
Among studies applying comparative phylogeography in Mesoamerica, we found the study of Sullivan et al. (2000) based on highland rodents (Peromyscus aztecus/Peromyscus hylocetes complex and Reithrodontomys sumichrasti). The areas considered in this study included several mountain ranges located in Central and Southern Mexico and northern Central America; these mountain chains are the Sierra Madre Oriental, Trans-Mexican Volcanic Belt, Sierra Madre del Sur, Oaxaca Highlands, and the mountains of Chiapas and northern Central America (see Fig. 2 of Luna-Vega & Contreras-Medina in this book). The results showed that these rodents presented certain common phylogeographic patterns, as well as areas of incongruence. A vicariant pattern between the Oaxaca Highlands and part of the Sierra Madre del Sur was noted, as well as the separation of all mountain ranges in relation to the Chiapas and Central American Highlands, where the Isthmus of Tehuantepec (a lowland region) acted as a barrier and played a relevant role (located in the basal position) of these southern areas. The Sierra Madre Oriental (SMOR) is an example of incongruence, because in the case of Reithrodontomys sumichrasti the SMOR is the sister area of the clade Oaxaca Highlands-Sierra Madre del Sur, while in the Peromyscus aztecus/Peromyscus hylocetes complex the SMOR is sister to the area of the Trans-Mexican Volcanic Belt.
Comparison of methods
A comparison of the approaches mentioned in this chapter includes the following aspects: the process involved, reconstruction of biotas or individual histories, and the taxonomic level used in the analysis (Table 1) .
Dispersal, vicariance and extinction are of major or minor importance in some of these approaches; dispersal is used mainly in ancestral areas and phylogenetic biogeography, while in the event-based methods, cladistic biogeography and comparative phylogeography dispersal and vicariance are assumed ; extinction is implemented in all approaches . Some methodologies give more importance to the biogeographic history of a particular taxon (ancestral areas, phylogenetic biogeography and phylogeography), while others emphasize the historical relationships among areas of endemism (cladistic biogeography and comparative phylogeography). In analyses based on only one taxon, the concept of center of origin is maintained, e.g. ancestral areas, phylogenetic biogeography and phylogeography. The taxonomic level used in biogeographic analysis is different among these approaches: phylogeography is applied only at species level, while in phylogenetic biogeography, cladistic biogeography and eventbased methods are applied at species level or supraspecific taxa; the ancestral areas method is applied at any taxonomic level . The historical relationship between areas and the search of common patterns of distribution are the main objectives in cladistic biogeography and comparative phylogeography. 
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ancestor that was originally widespread in a larger area that became fragmented, leaving descendants that have survived in the fragments until now (Morrone & Crisci, 1995) (Fig. 1) .
The dispersalist program began with Darwin (1859) , especially with his two chapters on geographic distribution, in which the main axis of the Darwinian conception was noted: a random dispersal on a stable geography (Bueno & Llorente, 1991) . This point of view was maintained for more than a century and influenced biogeographical thinking for many decades. This influence is reflected in several methods of biogeography, v. gr. ancestral areas method and phylogenetic biogeography (Morrone, 2005) ; notwithstanding that these methods used cladograms, the center of origin concept is implemented in both approaches. Vicariance was first considered to be an important component of biogeography after the studies of Croizat (1958 Croizat ( , 1964 ; his conception of space as part of the evolutionary process was later included in the cladistic biogeographic approach, which is also known as vicariant biogeography (Espinosa & Llorente, 1993) . This point of view began at the middle of the XX century and has influenced biogeographical thinking in recent decades. This influence is reflected mainly in several methods of biogeography, e.g. cladistic biogeography and comparative phylogeography. The use of phylogenies in cladistic biogeography led this approach being considered the most robust method in historical biogeography (Contreras-Medina, 2006; Humphries, 2000) .
Conclusions
The use of cladograms in all the approaches mentioned above is essential and emphasizes the relevance of phylogenetic evidence in historical biogeographic studies. These approaches differ in the number of taxa used for analysis, the interpretation of area cladograms, and in that they give different importance and weight to events that modify the geographic distribution of organisms. In this sense, the effects of extinction can be profound, but they are not commonly considered, many times ignored, in biogeographic studies (Lieberman, 2002) . Local extinctions are probably as important as dispersal and vicariance, but unfortunately they are never inferred in biogeographic analyses (Kodandaramaiah, 2010) .
It is important to consider that a cladogram represents only a hypothesis of the phylogeny of certain biological group and not necessarily the truth of how the evolutionary history of organisms occurred. If this first hypothesis is contrasted with new evidence, it is possible that the previous topology of the cladogram may change and, in consequence these changes might affect our biogeographic analysis results. Notwithstanding, cladograms are the main source of evidence on phylogeny for all the methods mentioned above and represent the basis for their implementation. Crisci (2001) considered that the history of life on Earth is complex and we will probably never see it totally revealed. Notwithstanding, historical biogeography is part of the scientific challenge that attempts to resolve the relationship between the history of Earth and the evolution of life; cladograms represent an essential tool for addressing this difficult task.
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